In order to assess the water quality of the Yongjiang River, the annual samplings were taken in 13 sampling sites and physic-chemical environmental factors were analyzed. The assessment conclusion of fuzzy comprehensive method shows that water quality from all sampling sites in the Yongjiang River are as follows: Sites 1, 2, 13, 9, 11, 12, 5, 10, 8, 4, 7, 6 and 3 from excellent to inferior. The water quality reached Grade II and III at Site 1 and Site 2, respectively. Other sites were all in Grade V. If take seasonal change into consideration the assessment results were as follows: winter, spring, autumn and summer from excellent to inferior. It was Grade IV in winter and Grade V in other seasons. The results were basically consistent with the reports from different assessment methods in literature.
INTRODUCTION
Quality assessment of water environment, i.e. water quality assessment, is an analysis on the environmental factors in a certain water body and makes the qualitative or quantitative evaluation for it. The assessment result could reveal the change pattern of water quality, realize the level of water pollution, find the sources of pollutant, pollution process and pollutant distribution. It can be used to explore the reasons of the change happened in water quality, predicate the trend of water quality and provide a scientific basis for the development, utilization, protection and management of water resources.
In basically, the water quality assessment is a process to describe the water quality quantitatively by some mathematical methods or technical means, or transform the quantity value into the evaluation comment. The monitoring data is the foundation of water quality assessment. By using the mathematical statistics and analysis, the representation value of numerical statistics and the environment could be obtained. And then, according to the evaluation method and the standard of water grade, water quality can be assessed. The quality of water environment includes three parts: water quality, aquatic organism and sediment. The contents of the assessment are involved more widely, including the temporal and spatial variations of water qualities in rivers, lakes and reservoirs, hydrobiological quality, sedimental environmental quality, nitrifications in lakes and reservoirs and overall comprehensive evaluation on the systems formed by these water bodies (Li, 1989; Cheng and Tan, 2002) .
In terms of the Yongjiang River ecological system, there were some reports described the water quality status by studying on water physico-chemical indicators and biological indicators (WeiHonget al., 2013; Xianyinget al., 2013; Zhang et al., 2013; Wang et al., 2014; Tenget al., 2014; Gong-Guo et al., 2015) .
In this study, the water quality of the Yongjisng River was assessed by applying fuzzy comprehensive method based on the annual monitoring data of environmental factors.
LITERATURE REVIEW
The history of water environmental quality assessment in practice was more than 30 years. It has been made a great progress in the assessment theories and methods after many years of studies, developments and applications. So far, there are various methods with specifics for water quality assessment. There is a wide range of complexity and fuzziness in the qualitative and quantitative assessments of water quality. The fuzzy comprehensive assessment method, which is established in fuzzy mathematics principle, can reflect the water quality objectively and explain vague concepts and phenomena such as the degree of pollution and quality category. At present, this method has become a common method used in the quantitative study of water quality (Chang et al., 2001; Shu-Jun and Wan-Cun, 2007; Lian-Fang et al., 2006 , Mingsheng et al., 2012 Jiaet al., 2004; Lermontovaet al., 2009; Jutao et al., 2010) .
MATERIAL AND METHODS

Study area:
The Yongjiang River is one of the seven major river systems in Zhejiang province, China (LiHua and Yi-Xin, 2004 (Li-Hua and Yi-Xin, 2004) . Therefore, the study area in this study included 124 km length and 2584 km 2 basin area. The main utilizations of water from the Yongjiang River system include drinking, agricultural irrigation, aquaculture, ship transportation and landscape.
Data collection:
The data used in this study was taken from the samples collected annually (2011) (2012) in the Yongjiang River. Table 1 With the standard values, a index set U = {DO, COD Mn , BOD 5 , TP, TN} was built up with 5 indexes, the evaluation set V = {I, II, III, IV, V} was determined and the corresponding water quality were divided into 5 grade, i.e. excellent (I), good (II), medium (III), poor (IV) and inferior (V). It reflects the degree of water pollution as clean, no pollution, light polluted, polluted and heavy polluted, respectively.
Membership degree calculation of evaluation index:
By using the fuzzy membership formula (Hu, 2004) , the membership degree (Table 3 ) related to the water Water quality grade 
Index ---------------------------------------------------------------------------------------------------------------------------------------------------
Weight calculation of evaluation index:
It could be found that the importance of water quality monitoring index (environment factors) may be the same, may be different during assessment on the water quality with fuzzy comprehensive method. So, it is necessary to consider the Weight (W) of evaluation index. For the index with higher the value, the heavier the pollution, the weight index should be calculated as follow:
W c S 
For the index with higher the value, the lighter the pollution, the weight index should be calculated as follow:
Here, ci is monitoring value of factor i, Si is the average limit value in standard of factor i.
It should be normalized with the formula for each individual weight as follow since the weight value calculated might be greater than 1:
Here, Ai is the weight value of the normalized factor i, m is the number of monitoring index which used in the evaluation.
The normalized average weights Ai of 5 indexes from all sampling sites in the Yongjiang River were listed in Table 4 .
Matrix B calculation of fuzzy comprehensive assessment:
After establishing R and A, a fuzzy normal subset is obtained, which is the result of comprehensive assessment. That is:
is the comprehensive assessment result of fuzzy mathematics, which can be used to determine the grade of water quality based on the principle of the maximum membership degree after the comprehensive assessment is set.
In the comprehensive assessment with multi-index, especially when the environmental factor indexes belong to different water quality grades at the same sampling site, obtained results are not in conformity with the reality and it is possible to result in distortion, skip or homogenization.
In order to avoid the error and reflect the water quality grade truly, the weighted average principle was used in this study and the comprehensive assessment results were dealt with the formula as follow:
Here,b j is the membership grade of grade j in water quality classification, k is the undetermined coefficient (k = 1 or k = 2). *B value, weighted average evaluation level, not only can be used to evaluate the grade of water quality, but to sort the assessment results for several samples.
RESULTS AND DISCUSSION
After a series calculations mentioned above, the results of the water quality grade at all sampling sites in the Yongjiang River with the fuzzy comprehensive assessment were obtained and listed in Table 5 . The principle of maximum membership degree should be adopted when to determine the final water quality grade at each sampling site. It means the final water quality grade should be determined by chosen the water quality grade closing to the secondary higher membership degree, when there were 2 or more than 2 of the same maximum degree of membership appeared at one site. 9419, 3.2349, 4.9925, 4.9902, 4.9862, 4.9906, 4.9903, 4.9868, 4.9251, 4.9867, 4.9636, 4.9659, 4 .9240}, annual assessment results of water quality from all sampling sites in the Yongjiang River showed a trend as follows (from excellent to inferior): Sites 1, 2, 13, 9, 11, 12, 5, 10, 8, 4, 7, 6 and 3 . The water quality reached Grade II and III at Site 1 and Site 2, respectively. Other sites were all in Grade V. The results were basically consistent with the reports from WeiHonget al. (2013) using the water chemical index and similar to Xianying et al. (2013) analysing phytoplankton community structure, Tenget al. (2014) with biological integrity index (BI)) and Zhang et al. (2013) by the planktonic rotifer tolerance value in the Yongjiang River.
The assessment results of water quality grade in different seasons at each sampling site in the Yongjiang River were list in Table 6 as well. Table 6 showed that there were some differences in water quality among the different seasons even at the same sampling site, especially in upstream, but the Yongjiang River was polluted overall.
If considered the Yonhjiang River as a whole, the water quality in different seasons was displayed in Table 7 .
It showed that the water quality of the Yongjiang River in different seasons, from excellent to inferior, was as follows: winter, spring, autumn and summer. It was Grade IV in winter and Grade V in other seasons.
CONCLUSION
Fuzzy mathematics comprehensive analysis shows that the water quality of the Yongjiang River at the upstream sections was better than that at the downstream sections. The water qualities of the different sections from superior to inferior of the entire order are: Section 1> Section 2> Section 13> Section 9> Section 11> Section 12> Section 5> Section 10> Section 8> Section 4> Section 7> Section 6> Section 3. Except for section 1, 2 and 9, water quality at all sections appeared Level V. And in the different seasons, it presents winter> spring> summer> autumn. It is found that the water quality at all sampling sections in the Yongjiang River was poor in Grade IV in winter and Grade V in other seasons.
